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Abstract. Full length cDNA of bglA gene encoding Aspergillus niger ATCC10574 β-glucosidase
was isolated and sequenced. The cDNA has a length of 2583 bp which encodes a polypeptide of
860 amino acid residues with predicted pI value of 4.6 and molecular weight of 93 kDa. Amino
acid analysis of BGLA from four different isolates of A. niger, isolates ATCC10574, ATCC1015, B1
and CBS513.88, detected a total of 29 amino acids differences. The degree of differences varies
between different variants, from 0.46% up to 2.9%. Around 34% of these differences were located in
β-glucosidase two conserved domains, the glycosyl hydrolase family 3 N-terminal and the C-terminal
domains. Both of the domains are important for the catalytic activity of the enzyme and these
differences might contribute to different biophysical and biochemical enzyme properties.
Heterologous expression of BGLA in methylotrophic yeast, Pichia pastoris has been carried out
using methanol as inducer resulting in the production of recombinant protein with molecular
weight around 90 kDa. β-glucosidase activity was detected from the culture filtrate using UV-
stimulated fluorescence of cleaved fluorescence substrate, 4-methylumbelliferyl-β-D-glucopyranoside
(MUGlc). The specific activity of the crude recombinant enzyme for cellobiose hydrolysis was 18
U/mg.
Keywords: Aspergillus niger; β-glucosidase; Pichia pastoris; heterologous expression; glycosyl
hydrolase
Abstrak. Jujukan penuh cDNA gen bglA yang mengkodkan enzim β-glucosidase Aspergil lus
niger ATCC10574 telah dipencil dan dijujuk. cDNA ini bersaiz 2583 pb dan mengkod 860 asid
amino dengan anggaran nilai pI 4.6 dan berat molekul 93 kDa. Analisa jujukan asid amino BGLA
daripada empat pencilan A.niger yang berbeza, iaitu pencilan ATCC1057,  ATCC1015, B1 dan
CBS513.88 menunjukkan terdapat sebanyak 29 perbezaan asid amino. Darjah perbezaan antara
varian adalah diantara 0.46% hingga 2.9%. Sebanyak 34% daripada perbezaan tersebut terletak di
dalam dua domain terpulihara β-glukosidase, iaitu domain glikosil hidrolase famili 3 terminal-N
dan domain glikosil hidrolase famili 3 terminal-C. Kedua-dua domain ini penting untuk aktiviti
pemangkinan enzim dan perbezaan ini berkemungkinan menghasilkan enzim yang mempunyai
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sifat biofizik dan biokimia yang berbeza. Pengekspresan secara heterologus cDNA BGLA dalam
sistem pengekspressan yis metilotrofik, Pichia pastoris, menggunakan metanol sebagai bahan
pengaruh telah dijalankan dan kehadiran protein rekombinan dengan berat molekul 90 kDa telah
dikenal pasti. Aktiviti β-glukosidase di dalam medium pertumbuhan dikesan dengan pemotongan
substrat berpendarfluor, 4-methylumbelliferyl-β-D-glucopyranoside (MUGlc). Aktiviti spesifik enzim
rekombinan kasar untuk hidrolisis selobiosa adalah 18 U/mg.
Kata kunci: Aspergillus niger; β-glukosidase; pichia pastoris; pengekspressan heterologus; glikosil
hidrolase
1.0 INTRODUCTION
Cellulose, a polymer of glucose with β-1,4 linkages, is the most abundant biomass
on earth. After occurrence of several oil crises, ethanol became a focus as an energy-
source substitute for petroleum and the production of ethanol from cellulosic biomass
has been widely explored [1]. The complete degradation of cellulose requires the
synergistic action of three main cellulolytic enzymes, namely endoglucanase (EC
3.2.1.4), cellobiohydrolase (EC 3.2.1.91) and β-glucosidase (EC 3.2.1.21) [2].
Endoglucanases randomly attack the internal chain of the cellulose to produce cello-
oligosaccharides while cellobiohydrolases catalyze the hydrolysis of crystalline
cellulose from the ends of the cellulose chains to produce cellobiose. These sugars
are further hydrolyze by β-glucosidase to produce glucose. The combination actions
of these three enzymes are essential for the conversion of cellulosic materials into
sugars, which can then be further converted to other chemicals such as ethanol or
hydrocarbon molecules.
 The role of β-glucosidase in cellulose degradation is important not only for the
conversion of cellobiose and cello-oligosaccharides into glucose but also in the
production of inducers for cellulases enzyme production [3]. Fowler and Brown [4]
showed that deletion of Trichoderma reesei bgl1 gene, which encodes the extracellular
β-glucosidase, resulted in the decrease of endoglucanase activities and a lag in the
transcription of genes such as cbh1, cbh2, egl1, and egl3 that encode for
cellobiohydrolase and endoglucanase. These observations suggested that β-
glucosidase may be partially responsible for induction of enzymes for cellulose
degradation. Subsequently bgl2 gene from T. reesei, which encodes β-glucosidase,
has been expressed in Escherichia coli and the recombinant enzyme was shown to
produce sophorose from glucose via transglycosylation [5]. Sophorose was known
as one of the potent inducer for cellulase enzyme system in Trichoderma [5].
 Several fungal species such as members of the genus Aspergillus, Trichoderma
and Phanerochaete have been extensively investigated for their β-glucosidase
production. Among these fungi, Aspergillus species are known to be the strong
producer of β-glucosidases and Aspergillus niger has been identified as one of the
most efficient producer of β-glucosidase [6]. However, different isolates of A. niger
was reported to express β-glucosidase of different properties, including differences
in catalytic activity, thermostability and optimum pH [6]. These differences could be
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due to variation in the amino acid sequences of β-glucosidase produce by different
strains which may rose through evolution resulted from their adaptation to different
niches. Hence, it is essential to investigate the biochemical and biophysical properties
of this enzyme from different A. niger isolates as they might have unique features and
may be useful for different industrial applications. To understand these differences
and to allow protein engineering work to be performed to improve the properties of
this enzyme, it is important to clone and sequence gene encoding this enzyme from
different isolates and produce recombinant enzyme in an expression system that will
allow high yield enzyme production but employ simple separation and purification
protocols.
 This study aims to clone and analyze a gene encoding for β-glucosidase of A.
niger strain ATCC10574. In addition, we investigate the suitability of yeast, Pichia
pastoris, to produce soluble and active recombinant β-glucosidase, using methanol
as inducer. The production of recombinant protein in this methylotrophic yeast,
which utilize cheap carbon source as an inducer, will provide an alternative expression
system for efficient production of recombinant β-glucosidase.
2.0 MATERIALS AND METHODS
2.1 Fungi and Culture Conditions
Aspergil lus niger ATCC10574 was obtained from the American Type Culture
Collections (ATCC), USA. The fungus was cultured in cellulosic medium containing
1% Avicel (Fluka, Switzerland), 0.14% (NH4)2SO4, 0.2% KH2PO4, 0.03% urea, 0.03%
CaCl2.2H2O, 0.03% MgSO4.7H20, 0.1% peptone, 1% yeast extract, 0.1% Tween 80,
and 1 mL/L trace element solution, containing 18 mM FeSO4.7H,O, 6.6 mM MnSO4,
4.8 mM ZnSO4.7H,O, and 15 mM COCl2 [7]. The medium was autoclaved and
inoculated with 106/mL spores of A.niger. Plate assay to monitor β-glucosidase activity
was performed using method described by Dan et al. [6]. Approximately 5 µL of
culture filtrate were placed onto 1% agar plates containing fluorescent substrate, 0.5
mM 4-methylumbeliferyl-β-D glucopyranoside (MuGlc) (Sigma, USA). Activity of
β-glucosidase enzyme was detected after 24 hours of fungal cultivation. For RNA
extraction, fungal mycelia were harvested after 48 hours growth by filtration with
filter paper, frozen with liquid nitrogen and stored in –80 °C until further usage.
2.2 Total RNA Extraction and cDNA Amplification
A total of 2 g of frozen mycelia were grounded to fine powder using RNAse free
mortar and pestle. Total RNA was extracted using TRIzol® Reagent according to
manufacturer instruction (Invitrogen, USA). The RNA was used as template for the
synthesis of the first strand cDNA using Superscript III First Strand cDNA Synthesis
Kit and oligo dT primer according to the manufacturer instruction (Invitrogen, USA).
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Subsequently, the cDNA was used as template for PCR reaction. Specific primers
were designed based on DNA sequence of bglA obtained from A. niger. Genome
Database available at the Joint Genome Institute (JGI), USA (http://genome.jgi-psf.org/
Aspni5/Aspni5.home.html). The sequence of forward primer was 5'-
ATGAGGTTCACTTTGATCGAGGC-3' and reverse primer was 5'-
TTTAGTGAACAGTAGGCAGAGACGC-3'. PCR was performed using KOD Hot
Start DNA Polymerase Kit (Novagen, USA) and the following amplification protocol
was performed: initial denaturation at 94 °C for 2 min followed by 30 cycles of
94 °C for 20s, 60 °C for 30s and 72 °C for 90s. The amplified cDNA was then cloned
into pGEMT-Easy vector (Promega, USA) and sequenced using SP6 and T7 universal
primers.
2.3 Construction of an Expression Vector
The plasmid containing bglA cDNA was used as template for the amplification of
full length cDNA but without the signal peptide. Restriction enzyme sites were also
added during the amplification process to assist cloning of the gene into expression
vector. The following primers were designed and used to amplify the DNA fragment:
Forward primer 5'- ATCGATTGATGAATTGGCCTAC-3' and reverse primer
5'-GTGATTCTAGATTGTGAACAGTAGGC-3'. The forward primer contained
a Cla1 while the reverse primer contained Xba1 restriction sites. The PCR product
of bglA cDNA was cloned into pGEMT-Easy vector (Promega, USA), digested with
Cla1 and Xba1 and ligated into pPICZαC vector (Invitrogen, USA). The vector
obtained was designated as BGLA- pPICZαC.
2.4 Screening for Positive Pichia pastoris Transformants
The BGLA-pPICZαC vector was linearized with BstX1 restriction enzyme and
transformed into Pichia pastoris strain X-33 which is a wild-type Pichia strain and
useful for selection on Zeocin. Transformants that grow on plate containing 100 µg
Zeocin were screened for Mut phenotype and putative multi-copy integrant
transformants as described by manufacturer (Invitrogen, USA). Mut phenotypes
were screened by growing the P. pastoris transformants onto minimal methanol agar
plates and incubated at 30 °C for three days. This procedure was performed to
screen for transformants that can utilize methanol as sole carbon source and able to
express the gene of interest. Transformants that can grow well on this medium were
classified as Mut+ phenotype. Screening for multiple integrant transformants were
carried out by plating transformants on YPD plate (1% yeast extract, 2% peptone, 2%
dextrose and 2% agar) with increasing concentration of Zeocin,  from 100 µg/mL up
to 2000 µg/mL. The integration of bglA cDNA into the genome of P. pastoris was
confirmed via PCR using 5’AOX1 primer: 5’- GACTGGTTCCAATTGACAAGC-
3' and 3’AOX1 primer: 5’-GCAAATGGCATTCTGACATCC-3'.
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2.5 Expression of bglA cDNA in P. pastoris
One of the positive P. pastoris transformant was selected and used to inoculate
50 mL of BMGY medium (1% yeast extract, 2% peptone, 100 mM potassium phosphate
pH6, 1.34% yeast nitrogen base without amino acids, 0.004 % biotin and 1% glycerol)
in 250 mL Erlenmeyer flask. Culture was growth at 30 °C, and shake at 250 rpm
until OD600 reached 2 – 6, in which cells were in the log-phase growth. Cells were
harvested by centrifugation at 3000 × g for 5 minutes at room temperature,
resuspended in BMMY medium [1% yeast extract, 2% peptone, 100 mM potassium
phosphate (pH 6), 1.34% yeast nitrogen base without amino acids, 0.004 % biotin and
0.5% methanol] to an OD600 of 1.0 and cultivated for 4 days at 30 °C, and shake at
250 rpm. Absolute methanol was added to a final concentration of 3% every 24
hours to maintain induction. The culture supernatant was collected and concentrated
using Amicon Ultra Centrifugal Filter Devices (Milipore, USA). Secreted protein
was analyzed using SDS-PAGE. Protein activity was screened using UV-stimulated
fluorescence substrate, MuGlc (Sigma, USA). Approximately 10 µL of supernatant
were plated on 1% agar plates containing 0.5 mM MuGlc. The plate was incubated
at 50 °C for 1 hour and then illuminated with long UV light. An intense fluorescence
was an indicator of β-glucosidase activity.
2.6 Enzyme Assay
Total protein concentration was measured using Bradford method [8]. All enzyme
activities were assayed in 100 mM potassium phosphate buffer pH 6 at 30 °C.
Cellobiose hydrolyzing activity was performed by monitoring the release of glucose
from cellobiose. A total of 50 µg of crude recombinant enzyme was incubated with
50 mM cellobiose for 30 minutes. The concentration of glucose released was
determined using dinitrosalicyclic acid (DNS) assay [9] with glucose as the standard.
One unit of enzyme activity is defined as the amount of protein that produces 1
µmole of glucose per minute under the standard assay condition.
3.0 RESULTS AND DISCUSSIONS
3.1 Bgl1 Activity in A.niger Culture Medium
In this study A. niger isolate ATCC10574 was used. The ability of this strain to
produce β-glucosidase was determined by culturing fungal mycelia in media
containing Avicel as sole carbon source and testing culture filtrate for β-glucosidase
activity. The presence of β-glucosidase was monitored using fluorescent substrate, 4-
methylumbeliferyl-β-D glucopyranoside (MUGlc). An intense fluorescent was an
indicative of β-glucosidase activity. Figure 1 shows the result of plate assay which
indicate that this isolate was able to produce β-glucosidase. However, the flourescent
zone produced was smaller than the zone produced by commercial β-glucosidase.
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This could be due to difference in concentration of β-glucosidase presence in the
culture filtrate as compared to the commercially prepared enzymes.
3.2 Cloning and Sequencing of Full Length bgl1 cDNA
The bglA cDNA of isolate ATCC10574 was cloned based on the sequence of bglA
gene of A. niger strain ATCC1015 available at the Joint Genome Institute ( JGI) A.
niger Genome Database. A. niger strain ATCC1015 was the reference strain used in
JGI A. niger genome sequencing project. Reverse transcriptase-polymerase chain
reaction was performed to isolate the full length cDNA using RNA extracted from
cells grown in Avicel. Subsequently a single PCR amplicon with the size of
approximately 2.6 kb was amplified, cloned and sequenced to completion. Figure 2
shows the full bglA cDNA sequence and its corresponding amino acids. The
cDNA has a length of 2583 bp which encodes a polypeptide of 860 amino acid. The
predicted pI value of the protein is 4.6 with estimated molecular weight of 93 kDa.
A conserved signal peptide sequence with the size of 19 amino acids
(MRFTLIEAVALTAVSLASA) was identified at the N-terminal end of the protein
(Figure 2).
Protein domain analyses indicate that the BGLA contains conserved domain which
belongs to glycosyl hydrolase family 3. Amino acid alignment with selected members
of family 3 glycosyl hydrolase from several fungi showed that BGLA possess one of
the important conserved residues, asparagine at position 280 (Asn280) (Figure 3).
Figure 1 β-glucosidase activity of A. niger ATCC10574 culture medium. Total proteins were
obtained from 24 hours cultivation medium. Positive control was commercial β-
glucosidase, Novozyme188 (Novozyme, Denmark)
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atgaggttcactttgatcgaggcggtggctctgactgccgtctcgctggccagcgctgat
M R F T L I E A V A L T A V S L A S A D
gaattggcctactcccctccgtattacccctccccttgggccaatggccagggtgactgg
E L A Y S P P Y Y P S P W A N G Q G D W
gcggaagcataccagcgcgctgttgatatcgtctcgcagatgacattggctgagaaggtc
A E A Y Q R A V D I V S Q M T L A E K V
aatttgactacgggaactggatgggaattggaattatgtgttggtcagactggaggtgtt
N L T T G T G W E L E L C V G Q T G G V
ccccgattgggaattccgggaatgtgtgcacaggatagccctctgggtgttcgtgactcc
P R L G I P G M C A Q D S P L G V R D S
gactacaactctgcgttccccgccggtgtcaacgtggccgcaacctgggacaagaatctg
D Y N S A F P A G V N V A A T W D K N L
gcttacctgcgtggccaggctatgggtcaggagtttagtgacaagggtgctgatatccaa
A Y L R G Q A M G Q E F S D K G A D I Q
ttgggtccagctgccggccctctcggtagaagtcccgacggcggtcgtaactgggagggc
L G P A A G P L G R S P D G G R N W E G
ttctcccccgacccggccctcagtggtgtgctctttgcagagacaatcaagggtattcag
F S P D P A L S G V L F A E T I K G I Q
gatgctggtgtggttgcaacggctaagcactacatcgcctacgagcaggagcatttccgt
D A G V V A T A K H Y I A Y E Q E H F R
caggcgcctgaagctcaaggctacggattcaatattaccgagagtggaagcgcgaacctc
Q A P E A Q G Y G F N I T E S G S A N L
gacgataagactatgcatgagctgtacctctggcccttcgcggatgccatccgtgcaggt
D D K T M H E L Y L W P F A D A I R A G
gccggtgctgtgatgtgctcgtacaaccagatcaacaacagctatggctgccagaacagc
A G A V M C S Y N Q I N N S Y G C Q N S
tacactctgaacaagctgctcaaggctgagctgggtttccagggctttgtcatgagtgat
Y T L N K L L K A E L G F Q G F V M S D
tgggcggctcaccatgccggtgtgagtggtgctttggcgggattggacatgtctatgccg
W A A H H A G V S G A L A G L D M S M P
ggagacgtcgattacgacagtggcacgtcttactggggtaccaacttgaccatcagtgtg
G D V D Y D S G T S Y W G T N L T I S V
ctcaacgggacggtgccccaatggcgtgttgatgacatggctgtccgcatcatggccgcc
L N G T V P Q W R V D D M A V R I M A A
tactacaaggtcggccgtgaccgtctgtggactcctcccaacttcagctcatggaccaga
Y Y K V G R D R L W T P P N F S S W T R
gatgaatacggcttcaagtactactatgtctcggagggaccgtatgagaaggtcaaccag
D E Y G F K Y Y Y V S E G P Y E K V N Q
ttcgtgaatgtgcaacgcaaccatagcgagttgatccgccgtattggagcagacagcacg
F V N V Q R N H S E L I R R I G A D S T
gtgctcctcaagaacgatggcgctcttcccttgactggaaaggagcgcttggtcgccctt
V L L K N D G A L P L T G K E R L V A L
atcggagaagatgcgggttccaatccttatggtgccaacggctgcagtgaccgtgggtgc
I G E D A G S N P Y G A N G C S D R G C
gacaatgggacattggcgatgggctggggaagtggcactgccaactttccctacttggtg
D N G T L A M G W G S G T A N F P Y L V
acccccgagcaggccatctcgaacgaggtgctcaagaacaagaatggcgtattcactgcg
T P E Q A I S N E V L K N K N G V F T A
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This residue has been identified as one of the important residue for members of
family 3 glycosyl hydrolase. Dan et al. [6] showed that this residue acted as the
catalytic nucleophile within the sequence of β-glucosidase. Ly and Withers [10]
demonstrated that mutation of this residue in family 3 glycosyl hydrolase resulted in
total loss of enzymatic activity of the protein.
accgataactgggctattgatcagattgaggcgcttgctaagaccgccagtgtctctctt
T D N W A I D Q I E A L A K T A S V S L
gtctttgtcaacgccgactctggtgagggttatatcaatgtcgacggaaacctgggtgac
V F V N A D S G E G Y I N V D G N L G D
cgcaggaacctgaccctgtggaggaacggcgacaatgtgatcaaggctgctgctagcaac
R R N L T L W R N G D N V I K A A A S N
tgcaacaacacgatcgttattattcactctgtcggcccagtcttggttaacgagtggtac
C N N T I V I I H S V G P V L V N E W Y
gacaaccccaatgttaccgctattctctggggtggtcttcccggtcaggagtctggcaac
D N P N V T A I L W G G L P G Q E S G N
tccctcgccgacgtgctctacggccgtttcaaccccggtgccaagtcgcccttcacctgg
S L A D V L Y G R F N P G A K S P F T W
ggcaaaactcgtgaggcctaccaagattacttgtacaccgagcccaacaacggcaacgga
G K T R E A Y Q D Y L Y T E P N N G N G
gcgccccaggaagacttcgtcgagggcgtcttcattgactaccgcggatttgacaagcgc
A P Q E D F V E G V F I D Y R G F D K R
aacgagactcctatctatgagttcggctatggtccgagctacaccaccttcaactactcg
N E T P I Y E F G Y G P S Y T T F N Y S
aaccttcaggtggaggttctgagcgcccctgcgtacgagcctgcttcgggcgagactgag
N L Q V E V L S A P A Y E P A S G E T E
gcagcgccgactttcggagaggtcggaaatgcgtcggattacctctaccccgatggactg
A A P T F G E V G N A S D Y L Y P D G L
cagagaatcaccaagttcatctacccctggctcaacagtaccgatcttgaggcgtcttct
Q R I T K F I Y P W L N S T D L E A S S
ggggatgctagctatgggcaggatgcctcagactatcttcccgagggagccaccgatggc
G D A S Y G Q D A S D Y L P E G A T D G
tctgcgcaaccgatcctgcctgccggtggtggtgctggcggcaaccctcgcctgtacgac
S A Q P I L P A G G G A G G N P R L Y D
gagctcatccgcgtgaccgtgactatcaagaacaccggcaagattgcgggtgatgaagtt
E L I R V T V T I K N T G K I A G D E V
cctcaactgtatgtttctcttggcggccctaacgaacccaagatcgtgctgcgtcaattc
P Q L Y V S L G G P N E P K I V L R Q F
gagcgtatcacgctgcagccgtcggaagagacgcagtggagcacgactctgacgcgccgt
E R I T L Q P S E E T Q W S T T L T R R
gaccttgcgaactggaatgttgagacgcaggactgggagattacgtcgtatcccaagatg
D L A N W N V E T Q D W E I T S Y P K
Mgtgtttgtcggaagctcctcgcggaagctgccgctccgggcgtctctgcctactgttcac
V F V G S S S R K L P L R A S L P T V H
Figure 2 bglA cDNA and its deduced amino acid sequences. The signal peptide is indicated by
underlined, bolded and italicised
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Figure 3 Alignment of A. niger BGLA amino acids with other glycosyl hydrolase family 3. Position
of Asp-281 was indicated with asterisk. Other conserved residues were indicated in box.
ASPACBGL1 represents Aspergil lus aculeatus BGL1 (accession no. P48825); SACFBGL1
and SACFIBGL2 represent Saccharomycopsis fibuligera BGL1 and BGLII respectively
(accession no. P22506 and P22507); CLOTHBGLB represents Clostridium thermocel lum
BGLB (accession no. P14002); HANANBGGLS represents Hansenula anomala BGLS
(accession no. P06835); KLUMABGLS represents Kluyveromyces marxianus BGLS
(accession no. P07337) ANBGLA represents A. niger ATCC10574 BGLA (this study)
and ANBGL1 represents A. niger BI BGL1 (accession no: AJ132386)
3.3 Analysis of Amino Acids Sequence Between Different
A. niger Isolates
To identify differences between BGLA amino acid sequence from different A. niger
isolates, we compared our sequence to three published A. niger β-glucosidase
sequences. Two of these sequences were generated through genome sequencing
project of two reference strains, A. niger ATCC1015 and A. niger CBS513.88 [11, 12]
while the third sequence was obtained from work described by Dan et al. using A.
niger isolate B1 [6]. All isolates produce BGLA with the same size, 860 amino acids.
However, alignment analysis detected a total of 29 amino acids differences between
the four BGLA sequences with the degree of differences varies, from four amino
acids (0.46%) up to 25 amino acids (2.9%) (Figure 4). Around 34% of these differences
were located in two β-glucosidase conserved domains, the glycosyl hydrolase family
3 N-terminal and C-terminal domains (Figure 4). Around 34% of these differences
were located in β-glucosidase two conserved domains, the glycosyl hydrolase family
3 N-terminal and C-terminal domains (Figure 4). These domains are important for
the catalytic activity of the enzyme and involve in binding of the enzyme to beta-
glucan [13]. These differences might generate different biophysical and biochemical
properties of β-glucosidase enzyme from different isolates. Thus, cloning and
expression of β-glucosidase from different isolates may result in discovery of β-
glucosidase enzyme with high activity and improved properties.
SHAZILAH, FARAH DIBA, ROSLI, AMIR , MAMOT , OSMAN & ABDUL MURAD376
AN
10
57
4B
G
LA
1
M
R
F
T
L
IE
A
V
A
L
T
A
V
S
L
A
S
A
D
E
L
A
Y
S
P
P
Y
Y
P
S
P
W
A
N
G
Q
G
D
W
A
E
A
Y
Q
R
A
V
D
IV
S
Q
M
T
L
A
E
K
V
AN
B1
BG
L1
1
M
R
F
T
L
IE
A
V
A
L
T
A
V
S
L
A
S
A
D
E
L
A
Y
S
P
P
Y
Y
P
S
P
W
A
N
G
Q
G
D
W
A
Q
A
Y
Q
R
A
V
D
IV
S
Q
M
T
L
D
E
K
V
AN
BG
LA
10
15
1
M
R
F
T
L
IE
A
V
A
L
T
A
V
S
L
A
S
A
D
E
L
A
Y
S
P
P
Y
Y
P
S
P
W
A
N
G
Q
G
D
W
A
E
A
Y
Q
R
A
V
D
IV
S
Q
M
T
L
A
E
K
V
AN
C
BS
51
3_
88
BG
L1
1
M
R
F
T
S
IE
A
V
A
L
T
A
V
S
L
A
S
A
D
E
L
A
Y
S
P
P
Y
Y
P
S
P
W
A
N
G
Q
G
D
W
A
E
A
Y
Q
R
A
V
D
IV
S
Q
M
T
L
A
E
K
V
*
#
#
AN
10
57
4B
G
LA
61
N
L
T
T
G
T
G
W
E
L
E
L
C
V
G
Q
T
G
G
V
P
R
L
G
IP
G
M
C
A
Q
D
S
P
L
G
V
R
D
S
D
Y
N
S
A
F
P
A
G
V
N
V
A
A
T
W
D
K
N
L
AN
B1
BG
L1
61
N
L
T
T
G
T
G
W
E
L
E
L
C
V
G
Q
T
G
G
V
P
R
L
G
V
P
G
M
C
L
Q
D
S
P
L
G
V
R
D
S
D
Y
N
S
A
F
P
A
G
M
N
V
A
A
T
W
D
K
N
L
AN
BG
LA
10
15
61
N
L
T
T
G
T
G
W
E
L
E
L
C
V
G
Q
T
G
G
V
P
R
L
G
V
P
G
M
C
A
Q
D
S
P
L
G
V
R
D
S
D
Y
N
S
A
F
P
A
G
V
N
V
A
A
T
W
D
K
N
L
AN
C
BS
51
3_
88
BG
L1
61
N
L
T
T
G
T
G
W
E
L
E
L
C
V
G
Q
T
G
G
V
P
R
L
G
IP
G
M
C
A
Q
D
S
P
L
G
V
R
D
S
D
Y
N
S
A
F
P
A
G
V
N
V
A
A
T
W
D
K
N
L
*^
#
#
AN
10
57
4B
G
LA
12
1
A
Y
L
R
G
Q
A
M
G
Q
E
F
S
D
K
G
A
D
IQ
L
G
P
A
A
G
P
L
G
R
S
P
D
G
G
R
N
W
E
G
F
S
P
D
P
A
L
S
G
V
L
F
A
E
T
IK
G
IQ
AN
B1
BG
L1
12
1
A
Y
L
R
G
K
A
M
G
Q
E
F
S
D
K
G
A
D
IQ
L
G
P
A
A
G
P
L
G
R
S
P
D
G
G
R
N
W
E
G
F
S
P
D
P
A
L
S
G
V
L
F
A
E
T
IK
G
IQ
AN
BG
LA
10
15
12
1
A
Y
L
R
G
Q
A
M
G
Q
E
F
S
D
K
G
A
D
IQ
L
G
P
A
A
G
P
L
G
R
S
P
D
G
G
R
N
W
E
G
F
S
P
D
P
A
L
S
G
V
L
F
A
E
T
IK
G
IQ
AN
C
BS
51
3_
88
BG
L1
12
1
A
Y
L
R
G
Q
A
M
G
Q
E
F
S
D
K
G
A
D
IQ
L
G
P
A
A
G
P
L
G
R
S
P
D
G
G
R
N
W
E
G
F
S
P
D
P
A
L
S
G
V
L
F
A
E
T
IK
G
IQ
 #
AN
10
57
4B
G
LA
18
1
D
A
G
V
V
A
T
A
K
H
Y
IA
Y
E
Q
E
H
F
R
Q
A
P
E
A
Q
G
Y
G
F
N
IT
E
S
G
S
A
N
L
D
D
K
T
M
H
E
L
Y
L
W
P
F
A
D
A
IR
A
G
AN
B1
BG
L1
18
1
D
A
G
V
V
A
T
A
K
H
Y
IA
Y
E
Q
E
H
F
R
Q
A
P
E
A
Q
G
F
G
F
N
IS
E
S
G
S
A
N
L
D
D
K
T
M
H
E
L
Y
L
W
P
F
A
D
A
IR
A
G
AN
BG
LA
10
15
18
1
D
A
G
V
V
A
T
A
K
H
Y
IA
Y
E
Q
E
H
F
R
Q
A
P
E
A
Q
G
Y
G
F
N
IT
E
S
G
S
A
N
L
D
D
K
T
M
H
E
L
Y
L
W
P
F
A
D
A
IR
A
G
AN
C
BS
51
3_
88
BG
L
11
81
D
A
G
V
V
A
T
A
K
H
Y
IA
Y
E
Q
E
H
F
R
Q
A
P
E
A
Q
G
Y
G
F
N
IT
E
S
G
S
A
N
L
D
D
K
T
M
H
E
L
Y
L
W
P
F
A
D
A
IR
A
G
#
 #
AN
10
57
4B
G
LA
24
1
A
G
A
V
M
C
S
Y
N
Q
IN
N
S
Y
G
C
Q
N
S
Y
T
L
N
K
L
L
K
A
E
L
G
F
Q
G
F
V
M
S
D
W
A
A
H
H
A
G
V
S
G
A
L
A
G
L
D
M
S
M
P
AN
B1
BG
L1
24
1
A
G
A
V
M
C
S
Y
N
Q
IN
N
S
Y
G
C
Q
N
S
Y
T
L
N
K
L
L
K
A
E
L
G
F
Q
G
F
V
M
S
D
W
A
A
H
H
A
G
V
S
G
A
L
A
G
L
D
M
S
M
P
AN
BG
LA
10
15
24
1
A
G
A
V
M
C
S
Y
N
Q
IN
N
S
Y
G
C
Q
N
S
Y
T
L
N
K
L
L
K
A
E
L
G
F
Q
G
F
V
M
S
D
W
A
A
H
H
A
G
V
S
G
A
L
A
G
L
D
M
S
M
P
AN
C
BS
51
3_
88
BG
L1
24
1
A
G
A
V
M
C
S
Y
N
Q
IN
N
S
Y
G
C
Q
N
S
Y
T
L
N
K
L
L
K
A
E
L
G
F
Q
G
F
V
M
S
D
W
A
A
H
H
A
G
V
S
G
A
L
A
G
L
D
M
S
M
P
AN
10
57
4B
G
LA
30
1
G
D
V
D
Y
D
S
G
T
S
Y
W
G
T
N
L
T
IS
V
L
N
G
T
V
P
Q
W
R
V
D
D
M
A
V
R
IM
A
A
Y
Y
K
V
G
R
D
R
L
W
T
P
P
N
F
S
S
W
T
R
AN
B1
BG
L1
30
1
G
D
V
D
Y
D
S
G
T
S
Y
W
G
T
N
L
T
IS
V
L
N
G
T
V
P
Q
W
R
V
D
D
M
A
V
R
IM
A
A
Y
Y
K
V
G
R
D
R
L
W
T
P
P
N
F
S
S
W
T
R
AN
BG
LA
10
15
30
1
G
D
V
D
Y
D
S
G
T
S
Y
W
G
T
N
L
T
IS
V
L
N
G
T
V
P
Q
W
R
V
D
D
M
A
V
R
IM
A
A
Y
Y
K
V
G
R
D
R
L
W
T
P
P
N
F
S
S
W
T
R
AN
C
BS
51
3_
88
BG
L1
30
1
G
D
V
D
Y
D
S
G
T
S
Y
W
G
T
N
L
T
IS
V
L
N
G
T
V
P
Q
W
R
V
D
D
M
A
V
R
IM
A
A
Y
Y
K
V
G
R
D
R
L
W
T
P
P
N
F
S
S
W
T
R
AN
10
57
4B
G
LA
36
1
D
E
Y
G
F
K
Y
Y
Y
V
S
E
G
P
Y
E
K
V
N
Q
F
V
N
V
Q
R
N
H
S
E
L
IR
R
IG
A
D
S
T
V
L
L
K
N
D
G
A
L
P
L
T
G
K
E
R
L
V
A
L
AN
B1
BG
L1
36
1
D
E
Y
G
Y
K
Y
Y
Y
V
S
E
G
P
Y
E
K
V
N
Q
Y
V
N
V
Q
R
N
H
S
E
L
IR
R
IG
A
D
S
T
V
L
L
K
N
D
G
A
L
P
L
T
G
K
E
R
L
V
A
L
AN
BG
LA
10
15
36
1
D
E
Y
G
F
K
Y
Y
Y
V
S
G
G
P
Y
E
K
V
N
Q
F
V
N
V
Q
R
N
H
S
E
L
IR
R
IG
A
D
S
T
V
L
L
K
N
D
G
A
L
P
L
T
G
K
E
R
L
V
A
L
AN
C
BS
51
3_
88
BG
L1
36
1
D
E
Y
G
F
K
Y
Y
Y
V
S
E
G
P
Y
E
K
V
N
Q
F
V
N
V
Q
R
N
H
S
E
L
IR
R
IG
A
D
S
T
V
L
L
K
N
D
G
A
L
P
L
T
G
K
E
R
L
V
A
L
#
+
 #
AN
10
57
4B
G
LA
42
1
IG
E
D
A
G
S
N
P
Y
G
A
N
G
C
S
D
R
G
C
D
N
G
T
L
A
M
G
W
G
S
G
T
A
N
F
P
Y
L
V
T
P
E
Q
A
IS
N
E
V
L
K
N
K
N
G
V
F
T
A
AN
B1
BG
L1
42
1
IG
E
D
A
G
S
N
P
Y
G
A
N
G
C
S
D
R
G
C
D
N
G
T
L
A
M
G
W
G
S
G
T
A
N
F
P
Y
L
V
T
P
E
Q
A
IS
N
E
V
L
K
H
K
N
G
V
F
T
A
AN
BG
LA
10
15
42
1
IG
E
D
A
G
S
N
P
Y
G
A
N
G
C
S
D
R
G
C
D
N
G
T
L
A
M
G
W
G
S
G
T
A
N
F
P
Y
L
V
T
P
E
Q
A
IS
N
E
V
L
K
N
K
N
G
V
F
T
A
AN
C
BS
51
3_
88
BG
L1
42
1
IG
E
D
A
G
S
N
P
Y
G
A
N
G
C
S
D
R
G
C
D
N
G
T
L
A
M
G
W
G
S
G
T
A
N
F
P
Y
L
V
T
P
E
Q
A
IS
N
E
V
L
K
N
K
N
G
V
F
T
A
 #
CLONING OF Aspergillus Niger BglA AND EXPRESSION OF RECOMBINANT 377
F
ig
u
re
 4
A
m
in
o 
ac
id
 a
lig
nm
en
t 
be
tw
ee
n 
B
G
LA
 f
ro
m
 d
iff
er
en
t 
A
. 
ni
ge
r 
is
ol
at
es
. 
A
nC
B
S5
13
.8
8 
re
fe
r 
to
 A
. 
ni
ge
r 
st
ra
in
 C
B
S5
13
.8
8 
[1
1]
,
A
N
B
G
LA
10
15
 re
fe
r t
o 
A
. n
ig
er
 st
ra
in
 A
T
C
C
10
15
 [1
2]
 A
N
A
T
C
C
10
57
4 
re
fe
r t
o 
A
. n
ig
er
 st
ra
in
 A
T
C
C
10
57
4 
(th
is
 st
ud
y)
 a
nd
 A
N
B
1B
G
L1
re
fe
r t
o 
A
. n
ig
er
 st
ra
in
 B
1[
6]
. S
ym
bo
l *
 in
di
ca
te
s d
iff
er
en
t a
m
in
o 
ac
id
 d
et
ec
te
d 
on
ly
 o
n 
C
B
S5
13
.8
8.
 S
ym
bo
l #
 in
di
ca
te
s d
iff
er
en
t a
m
in
o
ac
id
 d
et
ec
te
d 
on
ly
 o
n 
is
ol
at
e 
B
1.
 S
ym
bo
l +
 in
di
ca
te
s 
di
ffe
re
nt
 a
m
in
o 
ac
id
s 
de
te
ct
ed
 o
nl
y 
on
 A
T
C
C
10
15
. S
ym
bo
l ^
 in
di
ca
te
s 
di
ffe
re
nt
am
in
o 
ac
id
 d
et
ec
te
d 
on
ly
 o
n 
A
T
C
C
10
57
4.
 S
ym
bo
l 
^*
 i
nd
ic
at
es
 t
he
 s
am
e 
am
in
o 
ac
id
 t
ha
t 
de
te
ct
ed
 b
ot
h 
on
 A
T
C
C
10
57
4 
an
d
C
B
S5
13
.8
8 
bu
t d
iff
er
 fr
om
 o
th
er
 is
ol
at
es
. S
ym
bo
l ^
+ 
in
di
ca
te
s 
th
e 
sa
m
e 
am
in
o 
ac
id
 d
et
ec
te
d 
bo
th
 o
n 
A
T
C
C
10
57
4 
an
d 
A
T
C
C
10
15
bu
t d
iff
er
 fr
om
 o
th
er
 is
ol
at
es
AN
10
57
4B
G
LA
48
1
T
D
N
W
A
ID
Q
IE
A
L
A
K
T
A
S
V
S
L
V
F
V
N
A
D
S
G
E
G
Y
IN
V
D
G
N
L
G
D
R
R
N
L
T
L
W
R
N
G
D
N
V
IK
A
A
A
S
N
AN
B1
BG
L1
48
1
T
D
N
W
A
ID
Q
IE
A
L
A
K
T
A
S
V
S
L
V
F
V
N
A
D
S
G
E
G
Y
IN
V
D
G
N
L
G
D
R
R
N
L
T
L
W
R
N
G
D
N
V
IK
A
A
A
S
N
AN
BG
LA
10
15
48
1
T
D
N
W
A
ID
Q
IE
A
L
A
K
T
A
S
V
S
L
V
F
V
N
A
D
S
G
E
G
Y
IN
V
D
G
N
L
G
D
R
R
N
L
T
L
W
R
N
G
D
N
V
IK
A
A
A
S
N
AN
C
BS
51
3_
88
BG
L1
48
1
T
D
N
W
A
ID
Q
IE
A
L
A
K
T
A
S
V
S
L
V
F
V
N
A
D
S
G
E
G
Y
IN
V
D
G
N
L
G
D
R
R
N
L
T
L
W
R
N
G
D
N
V
IK
A
A
A
S
N
AN
10
57
4B
G
LA
54
1
C
N
N
T
IV
II
H
S
V
G
P
V
L
V
N
E
W
Y
D
N
P
N
V
T
A
IL
W
G
G
L
P
G
Q
E
S
G
N
S
L
A
D
V
L
Y
G
R
F
N
P
G
A
K
S
P
F
T
W
AN
B1
BG
L1
54
1
C
N
N
T
IV
V
IH
S
V
G
P
V
L
V
N
E
W
Y
D
N
P
N
V
T
A
IL
W
G
G
L
P
G
Q
E
S
G
N
S
L
A
D
V
L
Y
G
R
V
N
P
G
A
K
S
P
F
T
W
AN
BG
LA
10
15
54
1
C
N
N
T
IV
II
H
S
V
G
P
V
L
V
N
E
W
Y
D
N
P
N
V
T
A
IL
W
G
G
L
P
G
Q
E
S
G
N
S
L
A
D
V
L
Y
G
R
V
N
P
G
A
K
S
P
F
T
W
AN
C
BS
51
3_
88
BG
L1
54
1
C
N
N
T
IV
V
IH
S
V
G
P
V
L
V
N
E
W
Y
D
N
P
N
V
T
A
IL
W
G
G
L
P
G
Q
E
S
G
N
S
L
A
D
V
L
Y
G
R
V
N
P
G
A
K
S
P
F
T
W
#
^
AN
10
57
4B
G
LA
60
1
G
K
T
R
E
A
Y
Q
D
Y
L
Y
T
E
P
N
N
G
N
G
A
P
Q
E
D
F
V
E
G
V
F
ID
Y
R
G
F
D
K
R
N
E
T
P
IY
E
F
G
Y
G
P
S
Y
T
T
F
N
Y
S
AN
B1
BG
L1
60
1
G
K
T
R
E
A
Y
Q
D
Y
L
V
T
E
P
N
N
G
N
G
A
P
Q
E
D
F
V
E
G
V
F
ID
Y
R
G
F
D
K
R
N
E
T
P
IY
E
F
G
Y
G
L
S
Y
T
T
F
N
Y
S
AN
BG
LA
10
15
60
1
G
K
T
R
E
A
Y
Q
D
Y
L
Y
T
E
P
N
N
G
N
G
A
P
Q
E
D
F
V
E
G
V
F
ID
Y
R
G
F
D
K
R
N
E
T
P
IY
E
F
G
Y
G
L
S
Y
T
T
F
N
Y
S
AN
C
BS
51
3_
88
BG
L1
60
1
G
K
T
R
E
A
Y
Q
D
Y
L
Y
T
E
P
N
N
G
N
G
A
P
Q
E
D
F
V
E
G
V
F
ID
Y
R
G
F
D
K
R
N
E
T
P
IY
E
F
G
Y
G
L
S
Y
T
T
F
N
Y
S
 #
^
AN
10
57
4B
G
LA
66
1
N
L
Q
V
E
V
L
S
A
P
A
Y
E
P
A
S
G
E
T
E
A
A
P
T
F
G
E
V
G
N
A
S
D
Y
L
Y
P
D
G
L
Q
R
IT
K
F
IY
P
W
L
N
S
T
D
L
E
A
S
S
AN
B1
BG
L1
66
1
N
L
E
V
Q
V
L
S
A
P
A
Y
E
P
A
S
G
E
T
E
A
A
P
T
F
G
E
V
G
N
A
S
D
Y
L
Y
P
S
G
L
Q
R
IT
K
F
IY
P
W
L
N
G
T
D
L
E
A
S
S
AN
BG
LA
10
15
66
1
N
L
Q
V
E
V
L
S
A
P
A
Y
E
P
A
S
G
E
T
E
A
A
P
T
F
G
E
V
G
N
A
S
D
Y
L
Y
P
D
G
L
Q
R
IT
K
F
IY
P
W
L
N
S
T
D
L
E
A
S
S
AN
C
BS
51
3_
88
BG
L1
66
1
N
L
Q
V
E
V
L
S
A
P
A
Y
E
P
A
S
G
E
T
E
A
A
P
T
F
G
E
V
G
N
A
S
D
Y
L
Y
P
D
G
L
Q
R
IT
K
F
IY
P
W
L
N
S
T
D
L
E
A
S
S
#
#
#
 #
AN
10
57
4B
G
LA
72
1
G
D
A
S
Y
G
Q
D
A
S
D
Y
L
P
E
G
A
T
D
G
S
A
Q
P
IL
P
A
G
G
G
A
G
G
N
P
R
L
Y
D
E
L
IR
V
T
V
T
IK
N
T
G
K
IA
G
D
E
V
AN
B1
BG
L1
72
1
G
D
A
S
Y
G
Q
D
S
S
D
Y
L
P
E
G
A
T
D
G
S
A
Q
P
IL
P
A
G
G
G
P
G
G
N
P
R
L
Y
D
E
L
IR
V
S
V
S
IK
N
T
G
K
V
A
G
D
E
V
AN
BG
LA
10
15
72
1
G
D
A
S
Y
G
Q
D
A
S
D
Y
L
P
E
G
A
T
D
G
S
A
Q
P
IL
P
A
G
G
G
A
G
G
N
P
R
L
Y
D
E
L
IR
V
T
V
T
IK
N
T
G
K
V
A
G
D
K
V
AN
C
BS
51
3_
88
BG
L1
72
1
G
D
A
S
Y
G
Q
D
A
S
D
Y
L
P
E
G
A
T
D
G
S
A
Q
P
IL
P
A
G
G
G
A
G
G
N
P
R
L
Y
D
E
L
IR
V
T
V
S
IK
N
T
G
K
V
A
G
D
E
V
#
#
^+
^
+
AN
10
57
4B
G
LA
78
1
P
Q
L
Y
V
S
L
G
G
P
N
E
P
K
IV
L
R
Q
F
E
R
IT
L
Q
P
S
E
E
T
Q
W
S
T
T
L
T
R
R
D
L
A
N
W
N
V
E
T
Q
D
W
E
IT
S
Y
P
K
M
AN
B1
BG
L1
78
1
P
Q
L
Y
V
S
L
G
G
P
N
E
P
K
IV
L
R
Q
F
E
R
IT
L
Q
P
S
E
E
T
K
W
S
T
T
L
T
R
R
D
L
A
N
W
N
V
E
K
Q
D
W
E
IT
S
Y
P
K
M
AN
BG
LA
10
15
78
1
P
Q
L
Y
V
S
L
G
G
P
N
E
P
K
IV
L
R
Q
F
E
R
IT
L
Q
P
S
E
E
T
Q
W
S
T
T
L
T
R
R
D
L
A
N
W
N
V
E
T
Q
D
W
E
IT
S
Y
P
K
M
AN
C
BS
51
3_
88
BG
L1
78
1
P
Q
L
Y
V
S
L
G
G
P
N
E
P
K
IV
L
R
Q
F
E
R
IT
L
Q
P
S
K
E
T
Q
W
S
T
T
L
T
R
R
D
L
A
N
W
N
V
E
T
Q
D
W
E
IT
S
Y
P
K
M
*
#
AN
10
57
4B
G
LA
84
1
V
F
V
G
S
S
S
R
K
LP
LR
A
S
LP
T
V
H
AN
B1
BG
L1
84
1
V
F
V
G
S
S
S
R
K
LP
LR
A
S
LP
T
V
H
AN
BG
LA
10
15
84
1
V
F
V
G
S
S
S
R
K
LP
LR
A
S
LP
T
V
H
AN
C
BS
51
3_
88
BG
L1
84
1
V
F
A
G
S
S
S
R
K
LP
LR
A
S
LP
T
V
H
*
SHAZILAH, FARAH DIBA, ROSLI, AMIR , MAMOT , OSMAN & ABDUL MURAD378
3.4 Construction of Expression Vector and Screening for Positive
Transformants
The pPICZαC expression vector carrying cDNA of bglA downstream of the promoter
of alcohol oxidase gene (AOX1) and α-factor signal peptide has been constructed
and designated as BGLA- pPICZαC. The expression vector also contains polyhistidine
tag at the C-terminal of the expression cassette, which will assist in purification of the
recombinant protein later. The linearized expression vector was transformed into
the genome of P. pastoris strain X-33 and plated on YPD plate containing 100 µg/mL
Zeocin. Approximately 50 colonies were observed to grow on the YPD plate after 2
days. All transformants were selected and screened further on YPD plate containing
higher concentration of Zeocin (up to 2000 µg/mL). This procedure should select
transformants carried multi-copy integrants of the expression cassette in their genome.
A total of 20 colonies were able to grow on plate containing up to 1500 µg/mL and
no colonies was detected on plate containing 2000 µg/mL Zeocin. Subsequently ten
colonies were selected for PCR screening using 5’AOX1 and 3’AOX1 primers to
amplify the full length bglA cDNA which has been integrated into P.pastoris genome.
Figure 5 shows eight of the ten colonies were detected to have bglA cDNA integrated
into their genome. This was represented by the 3.1 kb amplicon that was successfully
~3.1kbp
~2.0kbp
~2.5kbp
Figure 5 PCR amplification to screen for P. pastoris transformants carried bglA cDNA in their
genome. Lane M: 1 kb DNA Ladder (Vivantis, Malaysia); H: untransformed P. pastoris;
V: P. pastoris transformed with pPICZαC alone; P: pPICZαC vector containing bglA
cDNA in DH5α as positive control; 1-10: P. pastoris transformants and N: negative
control. Positive transformants that contained bglA cDNA integrated into their genome
produced two PCR amplicons with the size of 2.2 kb and 3.1 kb. The 2.2 kb amplicon
represents the amplified AOX1 gene in P. pastoris genome while the 3.1 kb amplicon
represents bglA cDNA integrated downstream of AOX1 promoter in P. pastoris genome
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amplified using the 5’AOX1 and 3’AOX1 primers. One of the clones was then
selected for the expression of recombinant β-glucosidase.
3.5 Expression of rBGLA in P. pastoris and Enzyme Activity
Assay
Recombinant beta-glucosidase was successfully expressed in P. pastoris using 3%
final concentration of methanol as an inducer. Methanol was used as inducer
because bglA cDNA was cloned downstream of alcohol oxidase (AOX1) promoter
in pPICZαC vector. In P. pastoris, the AOX1 promoter is tightly regulated and induced
by the presence of methanol in the growth media. The culture filtrate was collected
on day four after inductin with methanol, concentrated and checked for the presence
of recombinant protein via SDS-PAGE analysis (Figure 6). Coomassie blue
staining of the gel showed the presence of recombinant protein with molecular weight
around 90 kDa in the culture filtrate of P. pastoris transformant that had been induced
with methanol (Figure 6). The protein size agrees with the predicted molecular
weight from the deduced amino acid sequence. The β-glucosidase activity was
detected by UV-stimulated fluorescence of cleaved 4-methylumbelliferyl-β-D-
glucopyranoside (Figure 7). An intense fluorescence was detected and this result
suggested that the recombinant enzyme was successfully expressed and secreted out
by the yeast. Enzyme assay of the crude recombinant β-glucosidase showed 18 U/
mg of specific activity towards cellobiose degradation. This indicates that an active
recombinant β-glucosidase was successfully expressed extracellularly in P. pastoris
culture medium.
1 2 3
212
158
116
97.2
66.4
Figure 6 SDS-PAGE of recombinant β-glucosidase on 10% polyacrylamide gel. Lane 1: protein
from P. pastoris transformant induced with 3% methanol; lane 2: protein from P. pastoris
transformants uninduced with methanol; lane 3: Protein Marker Broad Range (NEB,
UK)
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4.0 CONCLUSION
In this work we cloned A. niger ATCC10574 bglA cDNA and analyzed its
corresponding amino acids. We showed that variation between amino acids sequence
of BGLA between different A. niger isolates existed and this difference varies from
one isolate to another. The differences in the amino acid sequence could be one of
the factors that contribute towards the difference in the properties of the enzyme.
We also expressed an active recombinant β-glucosidase enzyme using P. pastoris
expression system. The system developed should be able to assist our future work
on the characterization of the enzyme from different isolates and for enzyme
engineering work to improve the properties of the enzyme.
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